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THE EFFECT OF CARBON DIOXIDE ON THE YIELD, 
PHOSPHORUS AND CALCIUM CONTENTS OF WHEAT 
F. B. SMITH, P. E. BROWN AND H. C. MILLAR 
The concentration of carbon dioxide in the atmosphere is nor-
mally about 0.03 per cent but the soil atmosphere usually contains 
considerably more than this amount especially in the vicinity of 
roots of rapidly growing plants. The carbon dioxide produced by 
the plant roots and by microbiological action diffuses from the soil 
and increases the concentration of carbon dioxide in the atmo-
sphere immediately surrounding the above-ground portions of the 
plant. It is this carbon dioxide from the soil which the plant 
utilizes in its growth and hence the significance of an adequate 
supply is at once apparent. The influence of carbon dioxide on 
plant growth and on bacterial action in the soil and its effect on 
the availability of phosphorus and potassium have been studied to 
some extent but the problem as a whole is far from solved as yet. 
Bornemann ( 1) found that soil constantly supplied with carbon 
dioxide through a pipe buried in the ground gave an increase in 
yield of 12.2 per cent over the crop grown on the untreated soil. 
Noyes ( 2) grew corn and tomato plants in the greenhouse 
where the soil surrounding the roots was gradually saturated with 
carbon dioxide, the aerial portions of the plants being kept under 
normal conditions. The plants grew normally. A bell jar of about ten 
liters capacity was placed over one of the tomato plants and anoth-
er jar over one of the corn plants. No carbon dioxide was added 
for a week and the plants growing in the pots enclosed by the bell 
jars made as good growth as the check plants. A steady stream 
of. washed carbon dioxide of such speed that it gave two bubbles 
of gas per second as it passed through the wash bottle was led 
for two weeks into each of the bell jars through a side opening 
near the bottom of the jar. The lower part of the plants was 
affected first and in a week the ill effects extended entirely over 
the plants. The leaves dropped, turned brownish, withered and 
curled up. The veins of both treated plants darkened. The plants 
were practically brown at the end of two weeks treatment, the 
tomato plant being more affected than the corn plant. After two 
weeks the side openings through which the carbon dioxide had 
been introduced were left open. The tomato plant soon damped-off 
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at the mouth of the bell jar, while the corn plant began to revive, 
sent out new growth and at the end of the week was growing nor-
mally. Two weeks after the treatment was discontinued the corn 
plant had made ten inches of new growth. 
Parker ( 3) found that the addition of carbon dioxide gas to pots 
of rape, crimson clover, sorghum and cowpeas had little effect on 
the weight of the plants, and did not materially affect the percent-
age content of calcium, ash and phosphorus. 
The work reported in this paper grew out of studies on the 
effects of carbon dioxide on some chemical and biological processes 
in the soil ( 4). The purpose of the work presented here was to 
determine the influence of the addition of carbon dioxide on the 
yield and composition of wheat grown in the greenhouse. 
ExPERIMENTAL 
The experiment was planned to show the various effects of car-
bon dioxide on soils and crops when applied to the soil as a gas and 
when dissolved in water for comparison with untreated soils and 
soils aerated with a mixture of nitrogen and oxygen. The latter series 
was included as a practical means of keeping the air of these soils 
relatively free of carbon dioxide compared with the check soil 
without aerating the soil excessively as would be the case if carbon 
dioxide-free air were drawn through the soil by aspiration. The 
soil used was a Carrington loam having a pH of 6.33 and a one-
ton lime requirement. The soil was passed through a one-quarter 
inch screen and thoroughly mixed. The soil was packed into each 
of 64 four-gallon glazed earthenware pots. 
Four series of 16 pots each were set up and 4 pots of soil in each 
series were treated according to the following outline, the materials 
being thoroughly mixed with the soil. 
PoT No. 
1 
2 
3 
4 
TREATMENT 
Check 
0.2 per cent oat straw 
0.2 per cent oat straw and 0.02 per cent rock phosphate 
0.2 per cent oat straw, 0.02 per cent rock phosphate and 0.1 per 
cent of limestone 
The moisture content of the soil' was adjusted to approximately 
20 per cent and maintained at that amount throughout the experi-
ment by additions of distilled water, except in the soils in series 4 
where carbon dioxide-saturated water was used. 
The soils of 4 pots of each of these treatments (Series 1) re-
ceived no carbon dioxide and served as checks. 
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The soils of 4 pots of each set (Series 2) were treated from 
below with a mixture of three parts of nitrogen gas to one part of 
oxygen at the rate of five liters per hour one hour each day 
throughout the experiment. 
Carbon dioxide gas was added to the soil in 4 pots of each set 
(Series 3) also at the rate of 5 liters per hour for one hour each 
day throughout the experiment. 
Carbon dioxide-saturated water, referred to as carbonic acid, 
was added to the soils of 4 pots of each set (Series 4). 
The gases were regulated and measured by means of flow 
meters. The flow meters were made by connecting two T-tubes by 
a capillary tube, the lower ends of the T-tubes being connected 
by a U-tube containing ethylene glycol. 
The soil of one pot of each treatment was kept fallow and the 
soils of 3 pots of each treatment were planted to wheat on No-
vember 25. 
RJ<:SULTS 
The wheat planted November 25 was thinned to 15 plants per 
pot December 15. A week after the plants were up differences in 
the appearance of the plants in the variously treated soils were 
noticeable. The plants in the soils treated with carbonic acid were 
slightly larger and of a darker green color than those in the soils 
of the other treatments. The plants in the check soils were higher . 
on an average than those in the soils which received the gas treat-
ments. On December 10 the plants growing in the soils treated 
with straw showed evidence of nitrogen starvation. Sodium nitrate 
was added in 200 cc. of water at the rate of SO pounds per acre to 
the soils of all the pots. Observations on December 13 showed that 
the plants growing in the soils containing straw which were treated 
with carbonic acid were taller, had a darker green color and thicker 
sterns and leaves than those in the other series. 
The plants in the soils treated with carbonic acid started to 
head February 2, and the plants in the soils which received no 
straw headed a little in advance of the plants in the soils treated 
with straw. Heads began to appear first on the plants in 
the soils aerated with nitrogen and oxygen on February 8, 
and on the plants in the check soils and those in the car-
bon dioxide gased soils second, third, and fourth, respect-
ively. The evidence of a lack of nitrogen was still present 
January 27 and sodium nitrate was again added at the rate of 56.8 
pounds per acre to the soil of each pot containing plants. Ten days 
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Table I - Y.ield of Wheat Grain and Straw 
SOIL SERIES 
TREATMENTS PoT No. Untreated Nitrogen + Oxygen Carbon Dioxide Gas Carbonic Acid 
Grain Straw Grain Straw Grain Straw Grain Straw 
None B 21.41 29.00 20.87 26.25 19.58 24.74 17.65 22.90 
c 21.22 30.95 20;30 26.16 18.75 25.72 16.57 22.51 
D 20.06 25.98 19.85 26.60 16.36 25.81 17.53 23.15 
Straw B 12.05 19.26 13.64 20.54 12.95 19.71 13.32 18.55 
c 14.17 21.97 13.29 20.86 13.68 21.44 13.98 19.62 
D 12.10 19.29 11.60 20.58 12.04 20.76 13.88 18.90 
Straw+ B 13.52 21.05 14.04 20.37 12.93 18.77 12.43 18.72 
Phosphate c 11.93 20.97 15.62 21.11 12.94 20.10 13.74 19.13 
D 13.35 22.14 13.85 20.41 13.13 22.18 12.98 20.43 
Straw+ B 12.85 20.90 14.14 21.36 14.18 22.06 12.02 18.76 
phosphate+ c 13.78 . 20.39 13.22 18.34 13.55 18.82 14.61 17.00 
lime D 13.68 20.35 15.26 20.38 13.28 21.77 14.00 18.86 
Table II - Percentage of Phos.phorns and Calcium in Wheat Grain and Straw 
SERIES 
Soil Treatments Untreated Nitrogen + Oxygen Carbon Dioxide Gas Carbonic Acid Grain Straw Grain Straw Grain Straw Grain Straw 
p Ca p Ca p Ca P Ca p Ca P Ca p Ca p Ca 
---- ----
None 0.348 0.112 0.310 0.700 0.394 0.112 0.552 0.518 0.460 0.168 0.546 0.518 0.466 0.168 0.682 0.630 
Straw 0.357 0.112 0.288 0.749 0.407 0.112 0.288 0.504 0.458 0.140 0.325 0.504 0.474 0.140 0.494 0.511 
Straw+ phosphate 0.353 0.112 0.326 1.022 0.371 0.112 0.925 0.840 0.439 0.112 0.588 0.980 0.452 0.154 
----
0.980 
Straw+ phosphate 
+lime 0.418 0.112 0.355 0.870 0.438 0.112 0.885 0.560 0.453 0.168 0.925 0.868 0.461 0.168 1.185 0.892 
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after this addition the growth of the plants appeared to be normal. 
The plants grown under the carbonic acid treatment were the tall-
est until heading time. On April 6 when the crop was harvested, 
the plants under the check treatment were tallest, those on the soils 
treated with carbon dioxide were third, and those on the soils 
treated with carbonic acid were the shortest. Apparently nitrogen 
was a limiting factor in the growth of plants in the soils treated 
with straw. This condition was not remedied until a short time 
before the plants in the soils treated with carbonic acid showed 
signs of heading. The plants in the soils under the other treatments 
were not as matured when nitrogen ceased to become a limiting 
factor and it is possible that this may account, in part, for the 
greater growth in the check soils and in those aerated with nitro-
gen and oxygen. 
A statistical analysis of the yield data presented in Table I 
showed no significant differences in the yields of grain and straw 
in the different series of treatments. 
The phosphorus and calcium contents of both grain and straw 
were determined by standard methods of analysis. The results ob-
tained are presented in Table II. The data were analyzed· statistic-
ally by the method of analysis of variance and the least mean dif-
ference for significance, together with the average phosphorus and 
calcium contents of both grain and straw are shown in Table III. 
Table Ill -Average Phosphorus and Calcium Contents of Wheat Grain 
a11d Straw 
Percentage P Percentage Ca 
Treatment Grain Straw Grain Straw 
Check 0.369 0.320 0.112 0.835 
Nitrogen+ oxygen 0.402* 0.662* 0.112 0.606* 
CO.gas 0.452* '0.596* 0.147* 0.718 
Carbonic acid 0.463* 0.816* 0.158* 0.753 
For significance (P = .05) 0.029 0.233 0.022 0.123 
* Significant 
The data show that the treatments with carbon dioxide gas, car-
bonic acid and nitrogen and oxygen gas brought about significant 
increases in the phosphorus content of both grain and straw. Car-
bon dioxide gas and carbonic acid produced significant increases 
in the calcium content of the grain but were without significant 
effect on the calcium content of the straw. Analyses of the soil ( 4) 
showed that these treatments resulted in significant increases in 
the available phosphorus and apparently in the presence of an 
increased supply of available phosphorus the plants assimilated 
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more of this element. Available calcium was not determined but 
the pH of the soils treated with carbon dioxide and carbonic acid 
was increased significantly, indicating an increased availability of 
calcium in these soils. The treatment with nitrogen and oxygen 
was wthout significant effect on the pH of the soil. 
SUMMARY AND CONCLUSIONS 
Carbon dioxide was applied to soils on which wheat was grown 
in the greenhouse. The yield of wheat was not influenced signifi-
cantly but the phosphorus content of both grain and straw was 
materially increased by the carbon dioxide treatment. Carbon diox-
ide treatment of the soil increased the calcium content of the grain 
but was without significant effect on the calcium content of the 
straw. 
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